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EdwardF. U3mannandRobertW. Dunning

W14MARY

4.05

TestswereconductedatMachnumber4.05to determine
characteristicsof severalmissilemodelshav5ngturbulent

theaerodynamic
boundsxyhyerS

andto compsretheseresultswithavailablemethodsofpredicting& -
aerodynamiccharacteristics.(Theconditionoftheboundarylayerwas
determinedbythechina-clay-lacquerboundary-layer-visualizationtech-
nique.) Normalforceandpitchingmomentweremeasuredthroughan angle-
of-attackrangeofOo tobetween4.0@ 80,dependinguponbalancelJmd.-
tations,andatrolJ_anglesof0° and450;drsgwasmeasuredonlyat0°
angleof attack.

An analysisofthedataindicatedthatthenormal-forcecoefficients
andcenter-of-pressurelocationsofthefinnedbodieswereessentially
thessmeforrollanglesof 0° and45°.

ThecorrelationofGrimminger,Williams,andYoungforthebodies
aloneandthesamemethodplusthefin-body-interactionmethodofNielsen,
Kaattari,andAnastasioforthebodiestithfinsgavegoodpredictionsof
thenormal-forcecoefficientsad center-of-pressurelocations.The
conical-shock-expansiontheoryunderesthatedthezero-liftdragcoeffi-
cientsby 3 to8 percentwhereastheNewtonianflowapproximationplus
Prsmdtl-Meyerexpansionsoverestimatedthedragcoefficientsby about
thessmepercentages.

INTRODUCTION

Severalballistic-typemissilemodelshavebeentestedintheLangley
9- by 9-inchMachnumber4 blowdownjet. Thechiefpurposeofthetests
wastodeterminethenormal-forcecharacteristicsandthecenter-of-
pressurelocationsofthemissileconfigurationswithturbulentboundary
layersto aidintheselectionofbodyshape&d tailfinsize. The
determinationofthedragoftheconfigurationswhereverpossibleandthe
usefulnessofvariousmethodsof estimatingtheaerodynamiccharacter-
isticsoftheconfigurationsweresecondarypurposesoftheinvestigation.
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ThispaperpresentstheresultsoftestsatMachnumber4.05of
fivemissileconfigurationsthroughan angle-of-attackrangeofapproxi-
mately0° to 80. Schlierenphotographsoftheflawaboutmostofthe
configurationsweretakenandmotion-picturestudiesweremadeofthe
boudary-la.yerflowoveroneconfigurationby thechina-clay-lacquer
technique.Theanalysisincludestheuseofthepredictionsofthecor-
relationofGrlhminger,Williams,sndYoungforbodiesaloneandfor
bodieswithfins,inwhichcasefin-bodyinteractionispredictedby the
methodofNie3senjKaattari,andAnastasio.
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SYMBOIS

normal-forcecoefficient,~qs

pitch3ng-moment M’coefficient,—
qSd

dragcoefficient,~

normalforce

pitchingmomentaboutthebase

free-streamdynamicpressure

bodymaximmcross-sectionalarea

bodymaxhumdiameter

angleof attack,deg

rollangle,deg

dragofbodywithfinsminusdragofbodyalone

Machnumber

Reynoldsnumbeibasedonbodyle@h

finthicknessratio
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Subscripts:

L largefins

s smallfins

APPARATUS

ThetestswereconductedintheLangley9- by 9-inchMachnuder 4
blowdownjet,whichisdescribedandforwhicha calibrationisgiven
inreference1. Thesettling-chemberpressure,whichwasheldconstant
by a pressure-regulatingvalve,andthecorrespontthgairtemperature
werecontinuouslyrecorded,onfilmduringeachrun. Wirestrain-gage
balancesmountedon stingsandlocatedinsidethemodelswereusedto
measurenormalforcesandpitchhgmoments.Dragwasmeasuredby an
externalstrain-gagebalancemouatedinsidethemodel-supportstrutdown-
streb ofthemodel.

to c
turns

MODELS

Ibdies.- Allthetestbodieswerebodiesofrevolution.ModelsA
weremadeup ofconesofapproximately31.5° apexangleandfrus-
of cones,hadfinenessratiosof 9.0,8.5,and8.2, andhada body

msxlmumcross~sectionalareaof1.695squ&refiches(fig.1). ModelD-
hada finenessratioof8.6, a bodymcdmumcross-sectionalsreaof
1.228squareinches,andconsistedofanL-VHaacknoseof approxi-
mately37.70nosesingle,extendingbackto themaximum-body-diameter
position,anda circular-srcsectionwhichfairedintoa cone-frustum
tail.

Fins.-Twosizesoftailfinsweretested,arrangedin cruciform
patternsatthetailofthebodies(fig.l(a)).ThesubscriptS denotes
thesmallfinsandsubscriptL denotesthelargefins. E&h sizesof
finshaddouble-wedgeairfoilsections,triangularplanformswithleading-
edgesweepbackof 60°,andaspectratiosof2.6. Thelsrgerfinshada
msximumthicknessof 4.4-percentchordlocatedatthe68.4-percent-chord
stationandanexposedmea of 1.153squareinchesperfin. Thesmallf-
hada msximmthicknessof 5.0percentchordlocatedatthe65.3-percent-
chordstationandanexposedmea of0.799squareinchperfin.

Roughness.-Theboundary-layer-transitionstripswereapproximately
1/8inchlonginthestreamwisedirectionandwereappliedsroundthe
bodyandalongthefinridgelines,theleadingedgeofthestripsbeing
locatedatthe62.8-percent-body-lengthstationand1/16inchforwsrdof

—. .—.— --——.——-
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thefinmsximumthickness(fig.l(c)).Thestripswerenumber60 csrbo-
rundm or0.003-inch-thickcellulosetapeasnoted.

TESTS

Tests
momentsof
throughan

wereconductedto determinethenormalforcesandpitching
modelsAL,~, Bs,CL,andDs inthesmooth-surfacecondition

angle-of-attackrangefromOo tobetween40 and8°as limited
by theloadrangeofthebalance.Thesemodeb weretestedatrollangles
of0°,45°,and183°,twoofthetailfinsbeingintheangle-of-attack
planeatW andl&)O.ThedragsofmodelsA to C withandwithoutboth
sizesof tailfinsandwithsmoth surfacesweremeasuredat0° angleof
attackata rollangleofOO. Thebasepressuresweremeasuredandthe
bags werecorrectedto zerobase-pressurecoefficient.

In addition,theeffectsof Carborundumboundary-layer-transition
stripsatthe62.8-percent-body-len@hstationandalongthefinridge
linesontheaerodynamiccharacteristicsof model~ wereinvestigated.
Thenormalforcesandpitchingmomentsweremeasuredthroughanangle-
of-attackrangeandmotion-picturesequencesoftheboundary-layerchar-
acteristicsat0° angleof attackwereobtainedby meansof thechina-
clay-lacquertechnique(ref.2). Thecombinationstivestigatedwereas
follows: finscleananda transitionstripon thebody,bodycleanand
transitionstripsonthefins,andtransitionstripsonthebodyandfins.

Thetestswererunathumiditiesbelw-~ x 10-6poundsofwater
vaporperpoundof dryair;thesehmiditiesarebelievedtobe lowenough
to eLbdnatewater-condensationeffects.Othertestconditionsaregiven
below:

Stagnationpressure,modelsA, B, andC, lb/sqin.abs . . . . . . 235
Stagnationpressure,modelD, lb/sqin.abs . . . . . . . . . . . 196
Stagnationtemperature,modelsA toD, oF . . . . . . . . . . 70to $3

Reynoldsnmber:
ModelA . . . . . . . . . . . . . . . . . . . . . . . . . .25X 106
ModelB . . . . . . . . . . . . . . . . . . . . . . . . . .23x 106
ModelC . . . . . . . . . . . . . . . . . . . . . . . . . .22x 106
ModelD . . . . . . . . . . . . . . . . . . . . . . . . . .17X 106

Thetest-sectionstatictemperatureandstaticpressuredidnotreach
thepointwhereliquefactionof airwouldtakeplace.

Schlierenphotographsoftheflowaroundthemodelswereobtained
by useof a systemincorporatinga sp~k-dischargelightsourceof approxi-
mately1 microsecondduration.

—.- . -..__— -—_ —._ _. __ .-
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PRECISIONOFDATA

Theuncertaintiesinvolvedinobtainingtheaerodynamiccoefficients
andthecenter-of-pressurelocationshavebeenanalyzed.Itwasdeter-
minedthatthevariationof streamMachnumberthroughthetunneltest
section,whichisabout-0.01perinchinthedownstreamdirection,would
causetheexperimentalcenter-of-pressurelocationstobe about0.1caliber
toonearthebaseofthebody;however,thiscorrectionwasnotapplied
to thedatabecauseof itssmallsizeandapproximatenature.Theprob-
ableuncertaintiesinthedatadueto theaboveeffectandtheaccuracy-
limitationsofthebalancesandthesettling-chamber-pressurerecorder
arelistedinthefollowingtable:

C~. . . :. . . . . . . . . . . . . . . . . . . . . . . . . . .+0.006

%“””””””*””””””””””””” ““”” ”””” ””*0”02
CQ . . . . . . . . . . . . ● . . . . . . . . ● . . . . . . .*O*O05

Centerofpressureat a = 0°,calibersupstresm. . . . . . 0 to0.15
u,deg. . . . . . . . . . . . . . . . . . . . . . . . . . . . . *0.1

Forthefinnedconfigurations,thestatedaccuraciesin ~ and ~
canbe appliedonlyto theaveragevalueofdataobtainedatrollangles
ofOo andl&)Obecauseof small&ccuraciesin
finsrelativeto themissilecenterline.

TEXORI?TICALMEX’EODS

BodyAlone

theanglesofthetail

Normalforceandpitchingmoment.- Theproblemofmakingtheoretical
predictionsofthenormal-forcead pitching-momentcoefficientsofbodies
of revolutionasaerodynamicallybluntasthebodiestestedinthistives-
tigationhasnotbeensolvedto date. Accordingly,predictionsofthe
aerodynamiccharacteristicsofthetestbodieshavebeenmadeby useof
themethodofGrinmd.nger,Williams,andYoung(ref.3),whichisbasedon
an analysisof experhentalresultsof a lsrgenuniberoftestsofbodies
of revolutionat supersonicMachnumbersfrom2 to 4.31andwhichhas
givengoodpredictionsofthenormalforcesandpitchingmomentsofogive-
cylinderbodiesatMachnuniber4.o6(ref.4).

Zero-liftdrag.-Twomethodswereusedtopredictthezero-liftdrags
ofthebodies- theNewtonianapproximation(ref.3)usingPrandtl-Meyer
expansionsovertheboattailedsectionsofthebody,andtheconical-
shock-expansionmethodas givenby EggerssndSavti(ref.5). Thefriction

.—————— —.—— ..——_ —
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dragswereestimatedby consideringthebodysurfacestobe rectangular
surfaceswithareaequalto thebodyareaandlengthequaltothebody
lengthandhavingcompletelyturbulent-bomdary-hyerflow. Themethod
ofmsnkl andVoishelextendedaspres~tedbyRubes~~~dew~ ~d Vmga
inreference6 wasusedto computethesldn-frictioncoefficients.

mdy WithFins

Normalforceandpitchingmment.- Theincrementinnormal-force
andpitching-momentcoefficientsduetotheadditionofthetailfinsto
thebodywaspretictedby themethodofNie~en,Kaattari,andAnastasio
inreference7. Theseincrementswereaddedtothebody-alonepredic-
tionsofreference3 to obtainthebody-with-finpredictions.

Zero-liftdrag.-Thezero-11.ftdragofthefinnedbodywasestimated
by addingthedragpredictionsofthebodyaloneatOo angleof attackto
thepredictionsoffinpressureandfrictiondrag. Theinterferencedrag
wasassumedtobe zero.Sincethefin-leading-edgeshockwasattached
(fig.2),thepressure-dragcoefficientofthetriangularfinswasassumed
tobe equaltothetheoreticalshock-expansiontwo-dimensionaldragcoef-
ficient;thisassmptionwasfoundtobe justifiedby theanalysispre-
sentedinreference8. Thefinfriction-dragcoefficientwascalculated
usingthesametheoreticalmethodsasforthebodyaloneby assuming
boundary-layertransitionattheridgelineof thefin. However,later
testsshowedthatsuchtransitiondidnotoccur.

RESULTSANDDISCUSSION

TheEffectsofBoundary-Layer-TransitionStripson

andAerodynamicCharacteristics

It istiownthatbalUstic-typemissileswillbe

Boundary-Layer

operatingwitha
turbulentboundarylayerovermostofthebody. Therefore,itwasdesired
to obtaindatawitha fullytmbulentboundarylayerovertheboattailed
sectionofthebody. Itwaspredicted,onthebasisof othertestsin
theLangley9- by 9-inchMachnumber4 blowdownjet,thatthebodybound-
.mylayerwouldbenaturallytmbulentovertheboattailedsectionof
thismodelbuttransitionstripswereaddedtomakecertainofhavinga
turbulentboundarylayer.Schlierenphotographsoftheflowaroundthe
bodyandboundsry-la~r-visual.izationtestsof theconfigurationwithand
withoutroughnessweremadetodeterminethe

u~~ .

natureof thebomdarylayer.

. — ——-- -.
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Schlierenphotographs.-TheschUerenphotographsoftheflowmound
theconfi~ationsindicatedthattheboundarylayeroverthebodybecame
turbulentat somepointupstresmofthe2.2-caU.berstation,theupstresm
lhdt oftheschlierenfieldofview(fig.2). Thephotographsalsoindi-
catedthattheadditionof a carborunihmroughnessstripatthebody-
maximum-d3ameterstationdidnotnoticeablychangetheappearanceofthe
boundarylayer.

(%ina-chy-lacquertests.-Inorderto checktheindicationsof the
schlierenphotographsregsmlingthebodyboundsrylayerandto determine
thefinboundsry-layercondition,boundary-layer-visualizationtests
usingthechina-clay-lacquertechniqueweremade.Motionpicturesofthe
testsweretakenandrepresentativeframesfromthefilmsequencesare
showninfigure3 to illustratethefollowingdiscussionofthenature
of theboundarylayeronthebodyandthefins.Thetestsofthecon-
figurationwithoutroughnessonthebodyindicatedthattransitionfrom
lsadnarto turbulentboundaxy-layerflowonthebodyoccurredat about
the0.8ca~berstation.Thiseffectwasnotedvisuallyaftereachrun,
sticethisstationonthebodywasnotvisibleinthecsmerafieldof
view. Theportionofthebodyfro>the0.8-calJberstationtothemaxi-
mumdismeterwasobservedto drymorerapidly(becsmewhitesooner)than
thatpsrtofthebodybackofthemaximumdiameter(fig.3(a)),probably
becauseofthethickerboundeglayerontheboattail.edportionofthe
bodyas shownintheschlierenphotographs(fig.2). Theadditionofa
transitionstripof Carborundumparticlesaroundthebodyatthemsximw-
diameterstationhadlittleeffectontherelativedryingratesofthe
forwardandrearwardportionsofthebody(fig.3(b));thus,no change
intheboundsry-layerconditionswasfidicated.Theindicationsofthe
schllerenphotographs,thattransitionofthebouudarylayeroccurred
wellforwardonthebodyandthattheadditionof a transitionstriphad
no effectontheboundarylayer,werethereforesribstantiatedby theflow-
tisua.lizationtests.

Lookingnowatthefins,itwasconcludedthattheboundarylayer
waslaminaroverthefinsoutboardoftheeffectofthedisturbancefrom
theintersectionoftheftileafMngedgeandthebodyboundarylayer,
becausethisregiontiiedmoreslowlythanthesectionofthebodyfor.
wsrdofthemsximm-thicknesslocation,whichhadturbulentboundarylayer
overit (seeespeciallyuppertailfin(fig.3(a)),t = 21 seconds).
Furthermore,theoutboardsectionofthecleanfinswasoftenstillwet
(dark)attheconclusionof a run,aswasthesectionofthebodyforward
of the0.8-caliberstation;therefore,bothsurfaceshadlaminarboundary
layers.Theflowdidnotsepsratefromthefinsduringanyoftheruns,
as indicatedby thefactthattherem panelsofthesmoothfinsnever
driedmoreslowlythantheforwardpanels.

Itwasconcluded,therefore,thattheboundarylayerovertheboat-
tailedsectionofthesmoothbodywasnaturallyturbulentandthatno

—— .. .—— .—.—— --— .- —
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flowseparationoccurredfromthefins.Theadditionofroughnessthus
appearedtobe unnecessaryandshouldhaveno effectonthemodelforces
andmoments.

Forcetests.-Inorderto checktheconclusionsdrawnfromthe
boundary-layer-flow-visualizationtests,forcetestsonthesamebody-
finconfigurationwererunwithandwithoutsimilarlyplacedtransition
strips.Theresultsoftheseforcetestsat0°rollanglewithsndwith-
outCarborundumtransitionstripsonthebodyandthefinsinallpossible
combinations(fig.4)generalQshowedno significantdifferencesinthe
normal-forceorpitc~-momentcurvesforthevariousconfigurations.
Lessextensivetestsata rollangleof45°indicatedno significant
differencesinthedataobtainedwithandwithotitransitionstripson
thebodyandthefins,or inthedataobtainedatthetworolJangles
withthesametransitionstripconfigurations.Itwasthereforecon-
cludedthattheadditionofboundsry-layer-transitionstripstotheother
modelswasunnecessary.

ComparisonofExperimentalandPredictedResults

Theexperimentalandpredictedvaluesofthenormal-forceand
pitching-momentcoefficientssndthecenter-of-pressurelocationsofalJ
theconfigurationswithoutboundary-lapr-transitionstripsarepresented
infigures~ and6 andtableI.

Normal-forceandpitching-momentcoefficients.-Themethodof
Grimminger,Willisms,andYoung(ref.3)gaveverygoodpredictionsof
thebody-alonenormal-forcecoefficientsofthefourbodiestestedat
anglesof attackupto about3° (fig.5). Thepredictionswerenotas
accurateatthehigheranglesofattack,beingupto 10percenthigher
thantheexperimentalvaluesin somecases.Thevariationofpitching-
momentcoefficientwithnormal-forcecoefficientofthefourbodiesalone
wasalsopredictedaccuratelyby themethodofreference3.

Goodpredictionsofthenormal-forceandpitching-momentcoefficients
ofthefinnedbodiesattheloweranglesofattackwereobtainedby com-
biningthepredictionsofthemethodsofreferences3 and7. At the
higheranglesofattackthenormal-forcecoefficientswereoverestimated
andthepitching+nomentcoefficientswereunderestimated.Thecombina-
tionmethodpredictedno effectofro~ anglesmdno effectontheexperi-
mentaldataof changingtherollanglecanbe seeninfigure5.

Center-of-pressurelocation.-Themethodofreference3 predicted
thecenter-of-pressurelocationsformodelsA toC withouttailfins
within1/2c~ber oftheexperimentallocationandpredictedthecenter-
of-pressurelocationsformodelD within1 caUberoftheexperimental
location(fig.6). (Thecenter-of-pressurelocationsat a = 0° were
determinedfromtheslopeofthepitching-momentcurves.)Thepredictions

. .
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ofthecenter-of-pressurelocationofthefinnedbodiesby theconibina-
tionmethodwereverygood- within1/4caliberof theactuallocation-
throughotitheangle-of-attackrange.Thecenter+f-pressurelocations
forthe~= 450 conditionareveryslightlyforwardofthecenter-of-
pressurelocationsforthe@ = Oo contition;however,thedifference
isnesrlywithintheprobableaccuracyofthedataandthuscannotbe
consideredsignificant.

DC= at zerolift.-TheNewtonianmethoddescribedinreference3
plusanestimatedskin-frictiondragslightlyoverestimatedthezero-
lift-dragcoefficientsofthebodiesalone(tableII),whereastheconical
shock-expansionmethod(ref.5) plustheestimatedskh-frictiondrag
slightlyunderestimatedthezero-ldft~agcoefficients.Theticrements
indragduetoboththesmallandthelsrgefinwerepredictedwithinthe
probableaccuracyofthedata. In allcasesthepredictedincrements
weresomewhathigherthsntheexperimentalvalues,probablybecausethe
rootsectionsofthefinswereoperatingina relativelythickboundary
layer.(Seefig.2.) Forthebodiestithfinstheblunt-noseconfigura-
tion(model~) had&lpercentmoredragthanthefiner-noseconfigura-
tionwiththesamelengthmidsection(modelAL)andthisincreaseIndrag
coefficientwaspredictedwitldnaboutlopercentbyboththeNewtonian
methodandtheconicalshock-e~ansionmethod.

SUNMARYOFRESULTS

TheanalysisoftheresultsoftestsatMachnmber 4.05ofmissile
configurationshavingturbulentbomdarylayersovermostofthetilength
andcomparisonoftheseresultswithseveralmethodsofpredictingthe
aerodynamiccharacteristicsofthemissilesindicatedthat:

1.Thenormal-forcecoefficientssmdcenter-of-pressurelocations
ofthefhnedbodieswerefoundtobe essentiallythesamewiththefour
tailfinsorientedh verticalandhorizontal.planesandwhenrotated45°
fromthatposition.

2.Themethod.ofGrbmd.nger,Williams,sndYounggavegoodpr*c-
tionsofthenormal-forcecoefficientsandcenter-of-pressurelocations
ofthefourmissilebodiesalone.

3. ThemethodofGrimminger,Willisms,andYoungplusthefin-body-
interactionmethodofNielsen,Kaattari,andAnastasiogaveverygood
predictionsofthenormal-forcecoefficientsandcenter-of-pressureloca-
tionsofthefinned-bodyconfigurations.

——- — —_ ——_ .—— ..— —. -. — ———
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4. Theconical-shock-expansiontheoryunderestimatedthezero-lift
dragcoefficientsby 3 to8 percentwhereastheNewtonianflowapproxi-
mationplusthePrandtl-Meyerexpansionsoverestimatedthedragcoeffi-
cientsby aboutthesamepercentages.

LangleyAeronauticalLaboratory,
NationalAdvisorvcommitteeforAeronautics,

LangleyFieid,Vs.,April19, 1954.
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TABLE I.- TABUJATION OF EXP~ DATA - Continued

Mcxiel~; M . 4.OT;“R. 23x @

a, deg

o
.6
.7

1.1
1.2
1.2
1.3
1.5
1.9
2.0
2.0
2.1
2.1
2.3
3.3
4.7
3*7

-0.005
.040
.046
.087
.075
.071
.085
.1o1

:5
.L2y
.142
.141
.137
.239
.926
.431

f%

-0.041
.144
.174
.3b8
.92
.278
;~8

.497

.546

.%8

.583

.575’

.647

.9W
1.355
1.778

EcIdywith fine

a, deg

-0.1
.8
1.0
1.6
1.7
2.1
2.4

t:;
6.0
---
---
---
---
-“-
---
---

c~

4.009
.041
.073
.08$
.103
.u?8
.151
.232
.523
.422
---
---
---
---
---
-—
---

%

-0;WJ

.525

.368

.k52

.555

.635
1.OCX)
1.375
1.788
---.-
-----
-----
---.-
-----
-----
-----

a, deg

o
0

:;
1.2
1.3
1.5
1.6
1.8
1.8
1.9
1.9
2.2
2.2
3.3
4.7
5●9

‘%

-oSW
-.004
.055
.069
.071
.083
.1o2
.102
.U6
.115
.125
.132
.149
.142
.232
.32J-
.423

Cm

-0.049
.022
.226
.285
;EJ;

.427

.424

.528

.487

.522

.559

.629

.599

.976
1.349
1.762
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TABLE I.- TABULATION OF ~ DATA - Continued

Model CL; M = 4.O~; R=22xl(f

-0.3
.3

1.3
2.1

;:?
3.8

2;:

Ebdy

EMy withfins

f%

a .017
.022
.051
.089
.I16
.157
.182
.283
.384I
~a, &@

a.126 4.3
.137 .1
.334 .7
.578 .8
.759 1.3

1.009 1.7
1.157 3.0
1.693 4.3
2.187 ---

I [

I I

a .008-0S@ -0.4
.032 .1o3 .2

.072 .266 .9

.071 .262

.=6 .438 ;:2

.163 .650 3.5

.2&l 1.018 4.4

.371 1.466 ---
--- ----- ---

%

.0.008
.035
.073
.U6
.164
.256
.373
---
---

$ = 1%30

z~a,*g
.0.065--0.2
..u8 .3
.267 I.o
.442 1.3
.639 1.9

;.c& 3.2
.

----- t::
----- ---T

c~ %

A).c08-0.037
.033 .125
.071 .2&1
.U6 .456
.l@ .640
.258 1.032
.255 1.021
.371 1.485
--- ----

I



, ‘@

-5.3
-1.3
-.9
-.
.;
1.2
1.3
1.5
1,7
2.7
2.7
5.0
8.3

--

—-

Clean

cm ~

0.1444.837

::82:“s
-.0% -:033

%J :%

.W7 .?35

.@

.I08 :%

.x38 .634

.2231.W

.492 2.39$
-- --—
—- -—.
_- —-.
--- —-.
.,— -—
--- -—

Immaitim Etxlp at m8n6iti0n stripat rr@JlsltiOnstripti
62.8~t BXl,ywldfius &?.8-mt w tiu%lmwdp at 62.8pmat w
~ length C1.een length, flm ol.8m fln ridgem length ad fill

ridge IIM

,, daa

-3.2
-1.7
-1.1
-.
.;
.8
1.3
1.6
1.6
L7

X
8.4

-.
---

T
m ~ CL, dog

UJj’ a.e& -1.2

-.* -.3
-.09+ -.535 -.1

-g -:%J ,:?

.04~ .272 ;:;

.059 .By 7.8

.079 355 —

.062 .372 ---
SD .y31 --
.2261.233 ---
.4942.412 –-

J_._L
---------.—--—-------—-----——---—.---—-——-—-—
7
CN % %-

0.0%-0.312-3.1
-.043-.163-1.2
- .w6 -.0Y3-1.1
SW .223 -.2
.073 .233 .8
.E9 .457 .8

;% ::% it,
--- -—- 1.6
-— —- 1.6
-— -—-
--- --–- :::

11
--- -–– 7.9
-— — ---
.— -—— --
— ---- ---
-- -—— .—
-— --—- -—
— --— -—

~

0.233
-.061
- ml
-.024
.04e
.046
.081
.@
.ll%
.W
.I.6
.33J
.6U
-—
—
—.
—
—
—

~ a, .@

J3.e42 -3.0
-.ti -:;
-.m
-.IQ3
.* 1::
J.& 1.9
.291 4.8
.350 7.8
.374 ---
.374 --
.793 –-
1.2M ---
2.3co ---
—-— --
—-- -—
-— --
—.— ---
--— -_
--— — U
----..—1$5
--- —— 1.5
--- —-- 1.7
--- —— .
-- --— .

:::: i;
— ----
-- —-- ::;
— ---- 4.8
-- ---- 7.6

% h

0 .2% -0.%)7

-.=5 - .7~
..222-.7&i
-.078-.262
-.056 -.Q4
-.053 -.l&
.M3 .023
.064
.059 %
J% .%9
.M1 .425
.l~ .4$5

:% :2
.3471.Z)4
.m l.-
.fi 1.A3
.%1
.631

1.241
2X5



NACARM L~D30a

T.ABLErr.

15

.

ESTIMATEDANDEmmmmmL~DRAf3 COEFFICIENTSOF
—

MODELSATOC

cM= 4.05;R= 22x I.06 to R=25xti; 3base-pressurecoefficient= O
~

cl), ~, body ~, body Q due m due
Source bodytioneplusSmallpluslargetomall tolarge

fins fills fhs m

ModelA

conicalshock-
expansionmet?mdo.U5 0.u26 0.131 0.011 0.016

Newtonisnmethod
withPrsndtl- .122 .133 .138 .O1.1 .016
Meyerexpansion

Experiment .u8 .12Q .132 .O111 .014

ModelB

conicalshock
expansionmethodo.llz? 0.123 0.I.28 0.0111 0.016

NewtonIanmethod
withPrandtl- .llg .1% .135 .O11 .016
Meyerexpansion

m-t .U7 .125 .128 .008 .O11

Modelc

COLliCd shock-
expansionmthod 0.195 0.236 0.z?ll 0.011 0.016

Newtonianmethod
withFraudtl- .225 .236 .241 .O11 .016
Meyerexpanaion

Experiment .21.3 .223 .225 .03.0 .012



NACARM L%D50a

ModelA

ModelB

.—
ModelC

ModelD 4031
t

==::J.
/(

~ sin20+ cl*i~30) L = 7.000”
d = 1.250”

()
g=cos-wy cl= l/3

(a)Modeldimensions.Dashedlinesindicatesma~ fin.

Figure1.-Models.Alldimensionsareininches.

$:tT-a
-.— —
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NACARM L%D3@ 17

. .._ ——. . _—. _ -1
>

I~
I

‘— ———. — ——.--———— --—---—— --

ModelAs

r- _. __—- __— —

~ ~-

1 1—.—-_—.——
ModelBS

~.—.

I

1

ModelCs

l?@ure1.- Continued.

“’FJ-wRM%mm...._. .

L-83660

.
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18 NACARM LfiD30a

— . . ,--_- \~ .,
—.—— #------- . . .

/

I

I

.——

L-76081

ModelDsmountedonthenormal-forceandpitthing-mometi

b

balance.

I

i

“-. .

I

L-76082
Close-up of Carborundumtransitionstrip.

(c)PhotographsofmodelDs.

Figure 1.- Concluded.
~d~

-.



NACARM L~D50a

19

.

,,./----

.
\

zero flow

ModelDS

- -1.
-.

‘ ‘>*

Ro@ne9S onbody
d= -1/2°

ModelDs

Ilgure2.- Scblieren

~.
.-

‘. - ‘\.,‘ -< .-. >
---- -..

,/ -5\,/ “---+

----- . . .. . >

-..>.-~’::.:ff.- -A-
. .... ..~-,<>.. .--7 -->

NO roughness
d= 1/2°
ModelW

/’

=-’--_Ll-----

NO roughness
&.oo

ModelBS L-83661

4.05.
photo~aphsof models Ds ~d %-

M=

__ .——”

~-—”_._.. _——————————————



t-gaec

t-$! lmao

L-83662

(a) B@ clean,Carborundumtransition drips on vertical tail,fins.

Figure3.- Selected fraICH from nmtion pictures of boundary-layer fikn-
vfsualization tests of model D. Zero time denotes that ths at which

the tunnel flow becomes supersonic. M = ~.O~; R = 17 X 106.
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t-oeac

~ @llEq

t=8aeo

‘t”haeo

-

t=loaec

‘m?! i
r —

L-83663

(b) ~bom- tm%usltion Etrim at body Im&mum+hmter station and.on
@per tafl-fin.

Figwe 3.- Con~iwed.



t.ouec t=haec t=7aeo

tl-maec

(c)

L-83664
Cellulose tape strip 1/8inch wide and 0.003 inch thick at bcdy ~-
diameter station and Carborundum transition strip on upper _Lailfin.

Figure 3.- Concluded.



NACARM L~DjOa 23

.8
Bdy aLone

{
o BCxiy clean
A Transitionstriponbmly

‘[

❑Bodyandfinsclean
.6 0 Transitionstriponbody- A

finsclean
~ _fi ~ Transitionslzipon fins-

/
/

0= ccunbinatin bodyclean / ,Ql
d Transitionstriponbody , “

“ .h,, andfins /

1 1 I
-.

%

1 I I I

-2 0 2 4 6 8:
Angleofattack,a, deg

CF

Normal-forcecoefficient,%

FigureL.- Effectonthenormal-forcecoefficients
coefficientsofaddingtransitionstripstothe
fins,singlyandin cotiination.M = 4.05;K-=

-—

-.

—

.,

tandpitching—momen
modelD bodyand

17x 106.

. ——. .——. — __. — .—. —. ———— .



-. . .

.lt-

.3

.2

.1

0

.1.
-1

A,

.

.
NACARM L9D50a

/
m

/ / ‘
/

/ /0
//Lu/ // / /

4 d

,&
/0

/ (-)
I
ent Prediction) Body ---~ ~ Bodynith

fins
P o —. ———
$% : Ref.3 Refs.3
= A alld7

I I I
2 3 4 5 6 i

A@EJ ofattack,U, deg

l@mal-forcecoefficient,~
.

.(a)ModelAL. R = 25 x 106.

Figure~.- Variationofnormal-forcecoefficientwithangleofattackand
pitching-momentcoefficientwithnormal-forcecoefficientformodelsAL,
% ‘S>CL,~d Ds. M = 4.05.
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●3-

.2

.1

0“

-0 1

3

..—

0 1

25

Angleof attack,a, deg

2.0

1.5

100
/

9°

.5

0~ )

-* 51-. 0 .1

/

/
/

/ ‘
/ y

/
/’

,’9’-

.3 .4
No--forcecoefficient,CN

(b)ModelBL. R= 23 x ICF.

Figure5.-Continued.
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.4

●3

.2

.1

c

-.1

NACARM

3 11
M@ ofattack,u, deg

5 6

2.0

,/ @,/’

1.5 n / /

1,

.

-.5; 1 I I I 1

-. 0 .1 .2 .3 .4 .5
ti~-f~e ~tifichlt,cN

(c)ModelBs. R = 23 X 106.

Figure5.- Continued.
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NACARM LfiD30a

●4’

Jz .3

.

!!
$ .2

3
8
; .1
$’

1!
4!0

-.1

0

/
/

/ o’
•i~

/
/

/ /
0/6’ /0

# ,0’
/
1
/ o’

0 I
Prediction

Body y~ti-fi Bodyniti
w *

g=oo o —— —.—
,@=4# I : .~03 ma. 3
=18(Y A and7

I I I
o 1 2 3 4 5 6

Mgle ofattack,a, deg

No~.force coefficient,CN

,/
/

.

(d)Model~. R= 22x106.

Figure5.-Continued.
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.8

.6

.4

.2

0

-. 2

I-Fr n

-1-
PrediotFBodyRithE@y -

—— ———

Ref.3 Refs.3
end.7
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./

/ /
4’

A

--#-

P

4

NACARM LXD30a

5
,/

3

-z o 2 4 6 8 1
Angleof attack, a, deg

3

2 /
/ ,/

;// “
/

o 9’1 /

o }

/

-1
4 0 .2 .ll ●

Normal-forcecoefficient,~

(e)ModelI@. R= 17X 106.

Figure5.- Concluded.
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kdel. A

R -&xlI+

Figure 6.-

wdd B Mdal c AbMl D

R .23x 106 R-22 xl& R=17xl#

0 4 8 0 4 8 0 4 e 12

Angle of attaok,a, deg

Variation of cent.er-of-pzwaure location with angle of atkck
for modeb AL, ~, E& ~ and Ds. M = 4.M.


